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PERTURBATION
ANALYSIS METHOD

Perturbed Geometry

(x, y, z)j + (Ax, Ay, Az)j
Voo
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Objective

• Subsonic Inviscid Analysis of Multiple Geometry
Perturbations at Small Additional Cost

Approach

• Precalculated Baseline Matrix of Potential

DerivativesJ'O_i ¢3_i a_i'_

L xj' yj'azjf
• Linear Extrapolation

_)(_i j_>,(_)i+ A_i)=_i + __,j"_,."_JJfa_iAxj +-_a_)i Ayj +.._.A z

SIMPLE DEMONSTRATION OF PERTURBATION
ANALYSIS METHOD
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VARIATION OF FLOW PROPERTIES WITH THICKNESS
ELLIPTICAL CYLINDER AT 0 ° INCIDENCE
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Procedure for Calculating
Perturbation Matrix

1. Conventional Panel Method Calculations

[AIj]'_I = BCi "-_ ¢i = [AiI]'I" BCI

2. First.Order Expansion
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BASELINE WING PANELING
FOR PERTURBATION

ANALYSIS TEST CASES
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APPLICATIONSOF INVISCIDSENSITIVITYMATRIX

• EFFICIENTANALYSISOF MULTIPLEGEOMETRYPERTURBATIONS

• PRESCRIBEDPRESSUREWINGDESIGN

• UNSTEADYAERODYNAMICS

• AERODYNAMIC-STRUCTURALDESIGNOPTIMIZATION

• STRONGVISCOUS-INVlSCIDINTERACTIONS

TWO-DIMENSIONALAIRFOILVISCOUSAERODYNAMICS

(LOWSPEED)

GIVEN

• SOLID GEOMETRY
• REYNOLOS NUMBER

fTURBULENT ZONE
TRANSITION / _SEPARATION POINT

LAMINAR ZONE '''_-TURBULENT ZONE

SOLUTION . GENERAL CASE

• PRESSURE DISTRIBUTION

• LIFT, DRAG, AND PITCHING MOMENT
• SEPARATION POINT
• TRANSITION POINT
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• APPROACH: ANALYTICAL EXPANSION

TO MCAIR PANEL METHOD

CALCULATEDVISCOUS DISPLACEMENT-PRESSURESENSITIVITYMATRIX
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• APPROACH: ANALYTICAL EXPANSIONTO

BOUNDARYLAYER METHOD
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MATCHING PROCEDURE FOR VISCOUS - INVISCID INTERACTION
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TYPICAL CHANGE BETWEEN SUCCESSIVE
ANGLES OF ATTACK

EFFECTIVE SHAPE
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EFFECTOF REYNOLDSNUMBERON AIRFOILPERFORMANCE

STALLED AIRFOIL

ANALYSIS PROGRAM EXPERIMENT REYNOLDS NUMBER
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CONCLUSIONSREGARDINGSENSITIVITYANALYSISAPPROACH

• POWERFULEXTRAPOLATIONTOOL

• APPROPRIATEFOR STRONGINTERACTIONBETWEENDISTINCTTHEORIES
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